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______________________________________________________________________________________ 
Abstract 
Accurate estimates of genetic parameters are essential for genetic improvement of milk yield in dairy 
cattle and for setting up breeding programmes. Estimates of genetic parameters from test-day models, 
particularly for Holstein Friesian cattle maintained in tropical environments, are scant in the literature. The 
objective of this study was therefore to estimate genetic parameters for milk yield by fitting a multiple-
lactation random regression animal model (RRM) based on data from Ethiopian Holstein Friesian herds. 
Data were used from the first three lactations of cows that calved between 1997 and 2013. The data 
comprised 13 421 test-day milk yield records from 800 cows from two large dairy herds. Variance 
components were estimated using the average information restricted maximum likelihood method fitting an 
RRM. Heritability estimates for first, second, and third lactations ranged from 0.20 to 0.26, 0.15 to 0.27, and 
0.17 to 0.28, respectively. Heritability estimates ranging from 0.15 to 0.28 indicate that effective genetic 
improvement should be accompanied by a corresponding improvement of the production environment. 
Across-lactation genetic correlations between first and second, second and third, and first and third 
lactations, expressed on a 305-day yield basis, were 0.88, 0.83, and 0.70, respectively. These genetic 
correlations, less than or equal to 0.88, indicate that different lactations are different traits. For an accurate 
evaluation of the genetic merit of animals for milk yield, lactations should be treated as different, but 
correlated traits in a multiple-lactation analysis. 
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Introduction 
Multiple observations scored on a cow during lactation form a classical example of longitudinal data 
(Diggle et al., 1994). The current method for genetic evaluation uses several daily measurements, usually 
taken once a month (test-day) on an individual cow repeatedly over the course of lactation (Ferreira et al., 
2002; Dzomba et al., 2010). Use of test-day data would offer a practical solution in developing countries, 
where there is a lack of infrastructure and resources for daily milk recording throughout lactation (Ilatsia et 
al., 2007; Gebreyohannes et al., 2012). Test-day records result in fewer measurements of milk yield as 
opposed to daily recording, and thus reduce the cost of milk recording compromising the accuracy of animal 
evaluation. This is partly because the correlation between test-day measurements of milk yield decreases as 
time between the measurements increases (Bilal & Khan, 2009). It also allows greater flexibility in milk 
recording programmes (Schaeffer et al., 2000).  
A random regression test-day model (TDM) is the method of choice to improve the quality of animal 
evaluation for longitudinal traits, and has been implemented in many countries. In particular, multiple-
lactation TDM fitting random regression is used for genetic evaluation of production traits in dairy cattle in 
various countries. The analysis of multiple-lactation data has shown that genetic correlations among 
lactations are less than unity (Zumbach et al., 2008), indicating that each lactation performance is more of a 
separate trait than has been appreciated (Powell & Norman, 1981). Furthermore, records of second and later 
lactations provide more complete information on lifetime performance than those from first lactation only 
(Powell & Norman, 1981). However, results from the development and application of multi-trait test-day 
animal evaluations and the necessary estimates of genetic parameters for the various lactations of Holstein 
Friesian cattle in tropical environments are particularly scanty in scientific literature. A first step towards the 
possible application of the multiple-lactation TDM in Ethiopia is to estimate the genetic parameters of test-
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day milk yields records under Ethiopian conditions. Therefore, the objectives of this study were to estimate 
covariance components and genetic parameters for milk yield fitting a random regression test-day animal 
model using data on the first three lactations of Holstein Friesian cattle from Ethiopian herds. 
 
Materials and Methods  
For this study, test-day data were used for the first three lactations of Holstein Friesian cows that 
calved between 1997 and 2013. They comprised 13 421 test-day milk yield records between 5 and 305 days 
in milk (DIM) from 800 cows of two herds. Cows had to have test-day records for the first lactation to be 
included in the dataset. The number of test-day records per lactation ranged from 8 to 10. Five age classes 
were defined in each lactation. These included cows less than 810, 811 to 990, 991 to 1170, 1171 to 1350 
and above 1350 days old at first calving; cows less than 1350, 1351 to 1530, 1531 to 1770, 1771 to 1980 
and above 1980 days old at second calving; and cows less than 1800, 1801 to 2040, 2041 to 2280, 2281 to 
2520 and above 2520 days at their third calving. Calving months were assigned to one of three seasons, 
namely long-dry, short-rainy and long-dairy seasons, corresponding with October to February, March to May 
and June to September, respectively.  
The multiple-lactation RRM included the first three lactations as different traits. The statistical model 
used for the analysis of the data can be described as:  
 
             ∑    
 
   
                  ∑    
 
   
     ∑     
 
   
               
 
Where:           is the test-day record q of cow o made at DIMop of lactation 
   is the fixed effect of herd I  
    is the fixed effect of age at calving class k 
    is the random effect of sire *calving year interaction l  
     is the random effects of herd test-day month n 
   is random additive genetic effects 
    is random permanent environmental effects  
          is the random residual effect 
   ,    , and      are regressions of phenotype on DIM for the j
th 
season of calving, and the o
th
 
cow's random additive genetic and permanent environmental effects, respectively 
 
     are the corresponding m
th
 coefficients that describe the shape of the fixed regression lactation 
curve.     are the corresponding second order Legendre polynomial coefficients that describe the shape of 
the random regression lactation curves. The fixed regression lactation curve was modelled by a combination 
of Legendre polynomial and Wilmink functions as co-variables:  
 
     =0.7071,      =1.2247* DIMop,      =2.3717* DIMop
2
 - 0.7906, 
     =4.6771*DIMop
3
 - 2.8062* DIMop and      =exp
-0.05DIMop
 
  
Where:                             represent coefficients of the third-order orthogonal Legendre 
polynomial at DIM d plus the Wilmink function (Wilmink, 1987), respectively. In the Wilmink function, the 
exponential term is generally regarded as a constant (Wilmink, 1987). In the present study, it was assumed 
to be -0.05. Legendre polynomials in combination with the Wilmink function have been used by various 
authors (Lidauer et al., 2003; de Melo et al., 2007; Negussie et al., 2008; Santos et al., 2013) in modeling the 
fixed lactation curves for test-day milk yield in various breeds of dairy cows.  
Variance components were estimated by average information restricted maximum likelihood method 
using the DMU programme, a package for analysing multivariate mixed models (Madsen & Jensen, 2013). 
Convergence of solutions was determined when the difference between the right-hand side and left-hand 
side of the mixed model equation (MME) was less than 10
-6
. The resulting estimates of random regression 
coefficients were then used to calculate variance components and associated genetic and phenotypic 
parameters. 
For each lactation, additive genetic variance (𝜎𝑎
 ) for DIM 𝑑 was estimated as: 
 
𝜎𝑎
 
(𝑑𝑖)
 𝝓(𝑑𝑖)𝑮𝝓(𝑑𝑖)
′  
 
Where G is the covariance matrix of the additive genetic random regression coefficients, and 
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𝑑  is DIM.  
 
Similarly, the permanent environmental variance (𝜎 𝑒
 ) for DIM 𝑑 was estimated as: 
 
𝜎 𝑒
 
(𝑑𝑖)
 𝝓(𝑑𝑖)𝑷𝒆𝝓(𝑑𝑖)
′  
Where: Pe is the covariance matrix of the permanent environment random regression coefficients, and 
𝑑  is DIM.  
Heritability for a particular DIM 𝑑  in lactation were calculated by dividing the genetic variance 𝜎𝑎
 
(𝑑𝑖)
 by 
the sum of permanent environmental (𝜎 𝑒
 
(𝑑𝑖)
)  genetic (𝜎𝑎
 
(𝑑𝑖)
) and residual (𝜎𝑒
 ) variances for a particular 
DIM 𝑑 . 
ĥ𝑑𝑖
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The genetic correlation between two days in lactation 𝑑  and 𝑑  was calculated by dividing the additive 
genetic covariance between days 𝑑  and 𝑑  by the product of the square root of the genetic variances of days 
𝑑  and 𝑑 . 
𝑟𝑎(𝑑𝑖 𝑑𝑗)  
𝝓(𝑑𝑖)𝑮𝝓(𝑑𝑗)
′
√𝝓(𝑑𝑖)𝑮𝝓(𝑑𝑖)
′ . 𝝓(𝑑𝑗)𝑮𝝓(𝑑𝑗)
′
 
Similarly, the phenotypic correlation was calculated by dividing the phenotypic covariance between 
days 𝑑  and 𝑑 , by the product of square root of phenotypic variances of day 𝑑 and 𝑑 . 
𝑟𝒑(𝑑𝑖 𝑑𝑗)  
𝝓(𝑑𝑖)𝑷𝝓(𝑑𝑗)
′
√𝝓(𝑑𝑖)𝑷𝝓(𝑑𝑖)
′ . 𝝓(𝑑𝑗)𝑷𝝓(𝑑𝑗)
′
 
Where: P is the covariance matrix of the phenotypic regression coefficients 
The genetic and phenotypic correlations between any two lactations, for example 1 and 2 for the same 
DIM from multiple-lactation RRM analyses, were calculated by dividing the additive genetic covariance 
between days 𝑑   and 𝑑   by the product of the square root of the genetic variances of the days 𝑑  and 𝑑  . 
𝑟𝑎(𝑑𝑖1 𝑑𝑖2)  
𝝓(𝑑𝑖1)𝑮𝝓(𝑑𝑖2)
′
√𝝓(𝑑𝑖1)𝑮𝝓(𝑑𝑖1)
′ . 𝝓(𝑑𝑖2)𝑮𝝓(𝑑𝑖2)
′
 
 
𝑟 (𝑑𝑖1 𝑑𝑖2)  
𝝓(𝑑𝑖1)𝑷𝝓(𝑑𝑖2)
′
√𝝓(𝑑𝑖1)𝑷𝝓(𝑑𝑖1)
′ . 𝝓(𝑑𝑖2)𝑷𝝓(𝑑𝑖2)
′
 
Where:  di1 and di2 are DIM in lactation 1 and 2, respectively. G and P are the covariance matrix of the 
additive genetic and phenotypic regression coefficients from the multiple-lactation analysis, respectively. 
Genetic and phenotypic correlations on a 305-day basis were calculated as follows: 
     ∑𝝓(𝑑 )
   
𝑑  
     .    
 
Where: t is a row vector of order quadratic, with elements equal to the sum over days 5 to 305.  
 
T =A⊗t 
Where: A is 3-by-3 identity matrix. 
 
The genetic correlations between any two lactations, 𝑙  and 𝑙  for example, between lactation 1 and 2, 
for 305-day were calculated by dividing the additive genetic covariance between 305-day 𝑙  and 𝑙  by the 
product of the square root of the genetic variances of the 305-day 𝑙 and 𝑙 . The same steps were followed to 
calculate phenotypic correlations.  
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𝑟𝑎( 1  2)  
𝑻( 1)𝑮 𝑻( 2)
′
√𝑻( 1)𝑮 𝑻( 1)
′ . 𝑻( 2)𝑮 𝑻( 2)
′
 
 
Results  
The structure of the dataset and pedigree file are indicated in Table 1. The attrition in number of cows 
from the first to third calving is consistent with the structure of Holstein herds in Ethiopia, where cows attain, 
on average, 2.6 lactations (Table 1). The overall means and standard deviations for test-day milk yields for 
first, second, and third lactations were 11.1 ± 3.9, 13.0 ± 4.7, and 13.9 ± 5.1 kg, respectively. The phenotypic 
means and standard deviation for test-day milk yield along different DIM in the first three lactations are 
indicated in Table 2. The phenotypic trend for test-day milk yield for all lactations showed a lower milk yield 
at the beginning of lactation with peaks at 30 to 35 DIM. After peak lactation, test-day milk yield showed a 
gradual but consistent decline until the end of the lactation period.  
 
 
Table 1 Description of test-day milk yield datasets and structure of the pedigree file from the first three 
lactations in Holstein Friesian cows 
 
Observation 
Lactation Number 
I II III Overall 
     
Test-day records 6850 3996 2575 13421 
Cows with records  800 442 301  
Animals in the pedigree 1779 1779 1779 1779 
Number of sires  - - - 139 
Number of dams - - - 617 
Records per cow 8.5 9 8.6 - 
Calving age classes  5 5 5 15 
Calving seasons classes 3 3 3 9 
Calving year 17 16 15 17 
Herd test-month classes 316 283 261 860 
     
 
 
The residual variances estimated from multiple-lactation analysis fitting a multi-trait RRM model were 
2.33, 2.75 and 3.06 kg
2
 for first, second and third lactations, respectively. In Figures 1 and 2, estimates of 
additive genetic and permanent environmental variances, respectively, are shown for the test-day milk yield 
at various stages during the first three lactations. The estimated additive genetic variances from first, second 
and third lactations ranged from 1.29 to 2.00, 1.77 to 2.84 and 1.71 to 3.27 kg
2
, respectively. The estimated 
variance of sire by calving year interaction from first, second, and third lactations was 0.09, 0.22, and 0.47 
kg
2
, respectively, and accounts for a small portion of the total variance. In all lactations, the additive genetic 
variances decreased at the beginning of the lactation trajectory and increased gradually towards the end. In 
particular, in the second and third lactations, higher variances were observed at the extreme ends of the 
lactation period. On the other hand, in the first lactation, a gentle decline in the estimates of additive genetic 
variances was observed towards the end of the lactation. The highest additive genetic variances for first 
lactation were at the beginning of lactation and the overall pattern of the variances along the lactation 
trajectory was somewhat consistent after early lactation. In general, the results showed that estimated 
additive genetic variances for first lactation were lower than those of later lactations. The third lactation had 
the highest estimated additive genetic variances compared with of the first and second lactations.  
 
 
 
 
 
 
356 Meseret & Negussie, 2017. S. Afr. J. Anim. Sci. vol. 47 
 
Table 2 Phenotypic means and standard deviations (SD) for test-day milk yield (kg) in three lactations of 
Holstein Friesian cows at selected days in milk  
 
DIM 
Lactation number 
I II III 
Mean SD Mean SD Mean SD 
       
5 11.5 3.0 12.9 4.7 17.8 2.9 
35 13.9 4.8 15.2 3.7 18.6 2.9 
65 13.5 4.8 14.4 3.5 17.0 4.1 
95 12.9 4.1 13.6 5.2 16.3 3.9 
125 12.1 3.7 12.1 3.8 15.9 3.7 
155 11.5 4.0 12.2 3.6 15.0 3.8 
185 11.1 3.4 11.9 4.4 14.8 3.4 
215 9.9 3.7 11.1 3.1 12.5 2.7 
245 9.7 3.7 11.2 3.1 12.3 3.8 
275 9.4 3.9 9.3 2.6 11.6 3.6 
305 9.0 3.2 7.7 1.8 11.5 4.0 
       
 
 
 
Figure 1 Estimates of additive genetic variances for milk yield at different stages of lactation in the first, 
second and third lactations for Holstein Friesian cows of Ethiopia 
 
Figure 2 Estimates of permanent environmental variances for milk yield at different stages of lactation in the 
first, second and third lactations for Holstein Friesian cows of Ethiopia 
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During lactation, the estimated permanent environmental variances ranged from 1.98 to 5.08, 3.17 to 
8.66, and 3.67 to 8.95 kg
2 
in the first, second, and third lactations, respectively. The permanent 
environmental variances for milk yield were higher than the corresponding additive genetic variances in all 
three lactations. Similar to the additive genetic variances, the permanent environmental variances showed a 
marked decline at the beginning of the lactation, were lower in mid lactation, and increased slightly towards 
the end of lactation in all three parities. Furthermore, the estimated permanent environmental variances 
showed an increase with increase in lactation number, as did the additive variances.  
Heritability estimates for test-day milk yield from multiple-lactation RRM analysis are presented in 
Figure 3. Overall, the estimated heritabilities for test-day milk yield ranged from 0.15 to 0.28 across lactation 
in the first three lactations. Estimated heritabilities for the first, second, and third lactations ranged from 0.20 
to 0.26, 0.15 to 0.27, and 0.17 to 0.28, respectively. In general, the magnitude of the heritability estimates 
was higher between DIM 230 and 260 compared with the beginning and end (extremes) of lactation for all 
parities. The difference in heritability estimates between first and second lactations was small for most of the 
lactation, except at the extremes. The estimates of heritability for the third lactation showed a marked decline 
in the early stages of lactation, with a sharp increase from DIM 65 to DIM 245, followed by a slight decline 
thereafter.  
 
 
Figure 3 Estimates of heritability for milk yield at different stages of lactation in first, second and third 
lactations in Holstein Friesian cows of Ethiopia 
 
 
Genetic correlations among test-day milk yields at the same DIM in the first three lactations are 
presented in Table 3. The genetic and phenotypic correlations between lactations ranged from 0.37 to 0.90 
and 0.17 to 0.52, respectively, for the different stages of lactation. Genetic correlations between adjacent 
lactations such as first and second or second and third were higher than those between first and third 
lactations. Similarly, phenotypic correlations among test-day milk yields at the same DIM in the three 
lactations were all positive and greater between consecutive lactations than between the first and third 
lactations. The estimates of genetic correlations calculated on 305-days basis between first and second, first 
and third and second and third lactations were 0.88, 0.70 and 0.83, respectively. In addition, the estimates of 
phenotypic correlations on 305-days basis between first and second, first and third and second and third 
lactations were 0.56, 0.51 and 0.61, respectively.  
 
Discussion  
In dairy cows, the level of test-day milk yield differed noticeably between lactations. The results of this 
study in general showed that the overall mean test-day milk yield in first lactation cows was lower than that of 
cows in later lactations. Previous studies by Zavadilová et al. (2005) and Tijani et al. (2010) also reported 
that the overall means for milk yield increased with lactation number. The lower milk production during the 
first compared with later lactations could be explained because first lactation cows were still growing, and 
nutrients are therefore partitioned between growth and milk production.  
In the present study, the overall means of test-day milk yield for the first three lactations were lower 
than those reported by Zavadilová et al. (2005) for Holstein cows (18.3, 21.8, and 23 kg for first, second, and 
third lactations, respectively) in Czech and Tijani et al. (2010) for Holstein cows (18.4, 19.8, and 20.9 kg for 
first, second, and third lactations, respectively) in Morocco. Similarly, Costa et al. (2008) and Bignardi et al. 
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(2011), working on Brazil Holstein, cattle reported higher first lactation test-day milk yield of 22.53 and 27.45 
kg, respectively, compared with the estimates from the current study.  
 
 
Table 3 Estimates of genetic and phenotypic correlations for test-day milk yield between first and second (I-
II), first and third (I-III) and second and third (II-III) lactations from a multiple-lactation random regression test-
day model in Holstein Friesian cows of Ethiopia 
 
DIM
 
I-II I-III II-III 
Genetic correlations 
  
5 0.47 0.36 0.54 
35 0.53 0.44 0.69 
65 0.62 0.50 0.78 
95 0.71 0.54 0.77 
125 0.78 0.56 0.73 
155 0.83 0.58 0.70 
185 0.87 0.62 0.70 
215 0.90 0.67 0.72 
245 0.90 0.73 0.76 
275 0.86 0.77 0.79 
305 0.78 0.75 0.77 
 Phenotypic correlations 
5 0.30 0.17 0.37 
35 0.37 0.28 0.43 
65 0.42 0.36 0.47 
95 0.45 0.41 0.49 
125 0.47 0.43 0.50 
155 0.49 0.43 0.51 
185 0.50 0.44 0.52 
215 0.52 0.45 0.52 
245 0.52 0.46 0.51 
275 0.49 0.47 0.47 
305 0.42 0.46 0.38 
    
 
 
A similar phenotypic trend to this study was reported for first lactation test-day milk yield of Holstein 
cattle by Shadparvar & Yazdanshenas (2005), Abdullahpour et al. (2010) and Boujenane & Hila (2012). An 
interesting observation is that in the Ethiopian Holstein Friesian, the peak of lactation was attained at DIM 30, 
which was earlier compared with that of other populations. For example, for Holstein cows in Brazil (Santos 
et al., 2013) and Sahiwal cows in India (Dongre & Gandhi, 2014) the peak of lactation was attained at around 
the eighth and seventh weeks of lactation, respectively. 
The goal of selection in dairy cattle is to improve lifetime production of cows, which implies that taking 
the different lactations into account (Beaumont, 1989) is essential for the estimation of genetic parameters 
and animal evaluations. In most tropical countries, genetic evaluation of cattle includes different lactations as 
repeated measures of the same trait, therefore assuming that different lactations are influenced by the same 
set of genes (Gebreyohannes, 2012). Results from this study indicate that lactations should be regarded as 
different but correlated traits in genetic evaluations. In this study, residual variance showed an increasing 
trend with lactation number. A steady rise in residual variance with increase in lactation number was reported 
by Tong et al. (1979), Druet et al. (2005) and Zavadilová et al. (2005) in dairy cattle and Zumbach et al. 
(2008) in dairy goats. This study confirms that heterogeneity in additive genetic and permanent 
environmental variances exists over lactations and across DIM within lactation. Several authors, including 
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Tong et al. (1979), Guo et al. (2002) and Druet et al. (2005), also reported that in dairy cattle variances 
increased with lactation number. Higher additive genetic variances observed at the extreme ends of the 
second and third lactations in this study are in line with those of Zavadilová et al. (2005), who reported high 
genetic variances at the beginning and end of the first three lactations in Czech Holstein. On the contrary, 
Rekaya et al. (1999) in Spanish Holstein Friesian, Pool et al. (2000) in Netherlands Holstein Friesian and 
Druet et al. (2003) in French Holstein showed the highest genetic variance in mid lactation and lower 
estimates at the beginning and end of lactation.  
In this study, sire by calving year interaction was included in the random parts of the models mainly to 
account for the various groups of sires used across different year groups, which improved the variance 
structure and led to fast convergence of solutions. The genetic variance for milk yield is one indicator for the 
achievement of genetic improvement programmes in the country. Several studies reported varying trends for 
additive genetic variances across the lactation period. For instance, Zavadilová et al. (2005) in Czech 
Holstein, Caccamo et al. (2008) in Italian dairy cows, and Mohammadi et al. (2014) in Iranian Holstein 
reported higher estimates of additive genetic variances at the beginning and towards the end of the lactation. 
On the other hand, El Faro et al. (2008) in native Brazilian Caracu heifers reported higher additive genetic 
variances at the beginning and a declining trend afterwards. Flores & van der Werf (2015) from their work on 
data from a buffalo population reported higher estimates of additive genetic variance in early and during peak 
lactation. The higher permanent environmental variance than that of additive genetic variance, observed in 
this study, could be the limited data used for variance component analysis.  
Except at the extremes of the lactation periods, the trend for the estimated heritability was increasing 
across DIM in all parities. Similar increases in the course of the heritability curve in three lactations were 
reported by Guo et al. (2002) in Danish Jersey and Zavadilová et al. (2005) in Czech Holstein. The 
heritabilities among lactations were only slightly different from mid to end of lactation. The heritabilities from 
third lactation were higher than those of the first and second lactations for this period, while no significant 
differences in heritability estimates were observed between the first and second lactations. Similar findings 
have been reported from black and white cattle (Strabel & Misztal, 1999) in Poland and Holstein cows 
(Zavadilová et al., 2005) in Czech, indicating that heritability increased with increase in parity number. On the 
contrary, other studies reported that estimates of heritability for consecutive lactations decreased with 
increase in lactation number in Holstein cows (Liu et al., 2000) in Germany and Jersey cows (Guo et al., 
2002) in Danish.  
One of the key points in dairy breeding programmes is selection of young bulls, usually based on their 
daughters’ performance in first lactation. Because longevity, and hence performance in later lactations, is 
also of interest to breeders, the effectiveness of selection schemes depends on the genetic correlations 
between the first and later lactations (Strabel & Jamrozik, 2006). If genetic correlations between different 
lactations are less than unity, this implies that different set of genes influence test-day milk yields in different 
lactations. In this study, the genetic and phenotypic correlations between test-day records depend on the 
stage of lactation and parity number. The genetic and phenotypic correlations calculated, based on both daily 
and an accumulated 305-day basis between lactations were higher for adjacent lactations (first and second, 
and second and third) than those estimated between first and third lactations. Similarly, several authors have 
reported that genetic correlations of test-day milk yield between the first and second lactations were higher 
than the correlations between the first and third lactations Czech Holstein cows (Zavadilová et al., 2005), 
Polish black and white cattle (Strabel & Jamrozik, 2006) and Moroccan Holstein cows (Tijani et al., 2010). In 
this study, the genetic correlations between lactations were slightly higher than those of other studies. For 
example, Strabel et al. (2004) in Polish black and white cattle population reported that genetic correlations 
between adjacent lactations were 0.70 for milk yield, whereas between first and third lactations they were 
lower (around 0.62). Similarly, Zavadilová et al. (2005) in Czech Holstein cows showed genetic correlations 
of 0.77, 0.75 and 0.61 between first and second, second and third, and first and third lactations, respectively. 
In this study, the patterns of genetic correlations showed an increase along DIM and a slight decline towards 
the end of the lactations. However, Strabel & Jamrozik (2006) in Polish black and white cattle and Holstein 
cows Tijani et al. (2010) in Moroccan Holstein cows reported genetic correlations across lactations with 
smallest estimates at the extremes of lactation and highest in the middle of lactation.  
 
Conclusion 
Estimates of genetic parameters are essential for genetic improvement of milk yield in dairy cattle and 
for setting up sustainable dairy breeding programmes. Results from this study indicate that heritability of milk 
production ranged from 0.15 to 0.30. This suggests that although there is potential for genetic improvement 
in milk yield of tropical Holstein Friesian, simultaneous improvement of the production environment is 
essential. Furthermore, results from the multiple-lactation RRM analysis showed that correlations among the 
first three lactations on 305-d basis ranged from 0.70 to 0.88. This indicates that for accurate evaluation of 
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the genetic merit of animals, the various lactations should be treated as different, but correlated traits in a 
multiple-lactation analysis.  
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